Cultured cells of Phytolacca americana, which had been cultivated in the dark, biotransformed resveratrol to pinostilbene and pterostilbene 4′-O-β-d-glucoside, together with the 3-and 4′-O-β-D-glucosides of resveratrol. Pinostilbene was converted into its 3-O-β-d-glucoside and pterostilbene. In addition, the cells transformed piceatannol to its 4′-O-β-d-glucoside, isorhapontigenin, and isorhapontigenin 3-O-β-D-glucoside.
Stilbenoids, such as resveratrol, pinostilbene, and piceatannol, are important plant polyphenols and have attracted considerable pharmaceutical interest because of their diverse biological activities. 1 However, the water insolubility of stilbenoids limits further pharmacological exploitation. Recently, several attempts have been made to synthesize water-soluble glycosides of resveratrol by chemical methods, including tedious protection-deprotection procedures, which resulted in low yields. 2 Plant cell cultures would be useful for practical preparation of β-d-glucosides, due to the high potential of plant glucosyltransferases to produce β-d-glucosides through 1-step enzymatic glucosylation. [3] [4] [5] [6] [7] However, little attention has been paid to the effects of cultivation conditions with or without light on the biochemical potential of plant cell cultures to convert exogenous compounds. We report, herein, the biocatalytic glycosylation and methylation of resveratrol, pinostilbene, and piceatannol by cultured Phytolacca americana cells and the effects of light on the biotransformation reactions.
Resveratrol (1) was used as a substrate for the biotransformation system using cultured cells of P. americana that had been cultivated in the dark for over 1 year. The biotransformation was carried out as follows. Substrate 1 was administered to conical flasks containing suspension cell cultures of P. americana, which were incubated at 25°C for 2 days on a rotary shaker. The cells and medium were then divided. Compounds 2 to 4 were purified by HPLC from the extracts of the cells with MeOH. The chemical structures of the products were determined on the basis of ESIMS and (Figure 1 ). On the other hand, the methylated product 5 of resveratrol (1) was isolated by HPLC from extracts of the medium with ethyl acetate. The chemical structure of 5 was determined as pinostilbene on the basis of its spectroscopic data. Next, cultured P. americana cells cultivated under light were used as the biocatalysts. The cells converted resveratrol (1) into resveratrol 3-O-β-d-glucoside (2) and resveratrol 4′-O-β-d-glucoside (3) . No other products were detected, despite careful HPLC analyses.
Pinostilbene (5) was subjected to the same biotransformation system as described above using cultured P. americana cells that had been cultivated in the dark over 1 year. After 2 days of incubation, compound 6 was purified by HPLC from the extracts of the cells with MeOH. The chemical structure of 6 was determined as pinostilbene 3-O-β-d-glucoside (6) (Figure 2 ) on the basis of ESIMS and 1 H and 13 C NMR spectra. In addition, the methylated product (7) of pinostilbene (5) was purified by HPLC from the extracts of the medium with ethylacetate. Product 7 was determined as pterostilbene on the basis of its spectroscopic data. On the other hand, cultured P. americana cells cultivated under light transformed pinostilbene (5) to pinostilbene 3-O-β-d-glucoside (6) and pinostilbene 4′-O-β-d-glucoside (8). Piceatannol (9) was then transformed using cultured P. americana cells that had been cultivated in the dark over 1 year, as described above. After the incubation period, compounds 10 and 11 were purified by HPLC from the MeOH extracts of the cells, and, on the basis of ESIMS and 1 H and 13 C NMR spectra, were identified as piceatannol 4′-O-β-D-glucoside (10) and isorhapontigenin 3-O-β-d-glucoside (11) (Figure 3) . The methylated product (12) of piceatannol (9) was obtained by HPLC from the extracts of the medium with ethylacetate. Product 12 was identified on the basis of its spectroscopic data as isorhapontigenin. On the other hand, cultured P. americana cells cultivated under light converted piceatannol (9) into piceatannol 4′-O-β-d-glucoside (10).
Biotransformation of resveratrol, pinostilbene, and piceatannol was investigated using cultured P. americana cells cultivated either in the dark or under light. Methylation of these stilbene compounds was catalyzed only by the cells cultivated in the dark. Further glucosylation of methylated products occurred. Cultured P. americana cells cultivated in the dark converted resveratrol to pterostilbene 4′-O-β-d-glucoside, and piceatannol to isorhapontigenin 3-O-β-d-glucoside. The glucosylation ability of the cells cultivated either in the dark or under light was different. Further studies on the effects of light on the expression of plant methyltransferases and glucosyltransferases are now in progress.
Experimental

General
HPLC was carried out with a YMC-Pack R&D ODS column (150 × 30 mm) (detection: UV, 280 nm; flow rate: 1.0 mL/min). Resveratrol, pinostilbene, and piceatannol used as substrates were purchased from Wako Pure Chemical Ind. The cultured plant cells were subcultured at 4-week intervals for 2 months on solid MS medium containing 2% glucose, 1 ppm 2,4-dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7). A suspension culture was started by transferring 20 g of the cultured cells to 100 mL of liquid MS medium in a 300 mL conical flask.
Biotransformation Procedure
The suspension plant cells were incubated in 300 mL conical flasks for 3 weeks. The cultured cells in the stationary growth phase have been used for the experiments. After the cultivation period, 10 mg of substrate was added to a flask containing 20 g of suspension cell cultures. In all, 100 mg of substrate was administered to 10 flasks. The transformation was performed by incubating the mixture at 25°C on a rotary shaker (70 rpm) for 2 days. The culture medium was extracted with EtOAc, and the cells by homogenization with MeOH (×3). The various EtOAc and MeOH layers were combined, concentrated, and analyzed by HPLC. The MeOH fraction was partitioned between H 2 O and EtOAc. The EtOAc fractions were combined, concentrated, and analyzed by HPLC. The H 2 O fraction was applied to a Diaion HP-20 column and the column was washed with H 2 O followed by elution with MeOH. The MeOH eluate was subjected to HPLC to obtain the glycosylated product. The yield of product was determined by HPLC analyses using calibration curves prepared with authentic samples and expressed as a percentage of the amount of administered substrate.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.
